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This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain. Recently, hollow mesoporous carbon spheres (HMCS) with superior structure features have gained extensive attention with widespread applications in the fields of catalysis [13, 14] , adsorption [15] [16] [17] [18] , drug delivery [19] , and energy storage [20, 21] due to their chemical inertness, high specific surface area, good electrical conductivity and biocompatibility. Moreover, the presence of mesoporous channels on the carbon shells of HMCS is beneficial for the mass transport and/or charge transfer between sensors and analytes [22] . Mesoporous carbon materials also have a high density of edge-plane-like defective sites which can promote the electron transfer to analytes and thereby enhance electrochemical activity at the electrodes [23, 24] . Nevertheless, using HMCS for electrochemical applications has received little attention [25] . In addition, it is well known that incorporation of heteroatoms, such as N, B, P, and S atoms [26] [27] [28] [29] , into the carbon matrix can largely improve their physicochemical properties [30] .
Among these, N-doped is a promising strategy because the strong electron donor nature of N can supply negative charges to delocalized π bond of sp 2 hybridized carbon skeleton so as to enhance electron transport properties and chemical reactivity [31] [32] [33] .
Until now, a variety of N-containing carbons including graphene-based materials [34] , carbon nanotubes [35] , microporous or mesoporous carbons [36, 37] and carbon nanofibers [38] have been successfully utilized in many fields. N-doped hollow mesoporous carbon spheres (N-HMCS) also have been synthesized by various methods [39] [40] [41] , but they were mainly employed as an efficient catalysis for oxygen reduction reaction [42] [43] [44] Further, owing to nitrogen doping, N-HMCS/SPCE showed extremely high sensitivity for quantification of O 2 •− even superior to many of metal-based or enzyme-based sensors.
Experimental

Reagents and apparatus
Tetrapropyl orthosilicate (TPOS), potassium superoxide, eighteen-crown-6 and anhydrous dimethyl sulfoxide (DMSO) were purchased from Aladdin Industrial Inc..
Ascorbic acid (AA), dopamine (DA), glucose (Glu), uric acid (UA), 4-acetaminophen (AP) and glutathione (GSH) were obtained from Sigma-Aldrich. All other chemicals were in analytical grade and used without further purification.
Nitrogen adsorption-desorption isotherms were measured on an ASAP 2020 (Micromeritics). A scanning electron microscope (SEM, JSM-6360LV, JEOL) was utilized to observe the surface morphology of carbon spheres. The transmission electron microscope (TEM, JEM-1400, JEOL) was used to capture the morphology of carbon spheres. The surface composition of carbon spheres was recorded by X-ray photoelectron spectrometer (XPS, ESCALAB250Xi, Thermo Fisher). Raman spectra were obtained with an InVia Reflex Raman microscope. All electrochemical experiments were performed at room temperature on a CHI660D workstation equipped with a conventional three-electrode system consisting of a screen-printed working electrode, a platinum wire counter electrode, and an Ag/AgCl reference electrode.
Preparation of HMCS, N-HMCS and SCS
The HMCS was synthesized according to a report [45] . Typically, TPOS (3.46 mL, 
Fabrication of the modified electrodes
The home-made screen-printed carbon electrodes (SPCE) with a working area of 0.071 cm 2 were served as the substrate according to our previous work [46] . 5 mg N-HMCS was added into 5 mL ultrapure water and sonicated to form a well-dispersed mixture. Then, 10 μL of the mixture and 2 μL of 0.05 wt% Nafion were drop-casted onto SPCE successively, and the N-HMCS modified electrodes (N-HMCS/SPCE) were finally formed after dried. The HMCS modified electrodes (HMCS/SPCE) and SCS modified electrodes (SCS/SPCE) were fabricated with a similar method, and the bare SPCE was only treated with 2 μL of 0.05 wt% Nafion.
Generation of superoxide anion
The superoxide anion was generated from the KO 2 -DMSO system according to our previous work [47] . Briefly, a stock solution of KO 2 was prepared by adding KO 2 into anhydrous DMSO, containing 18-crown-6 that can increase the solubility of KO 2 . After 
Electrochemical measurement
The electrochemical behaviors of modified electrodes were investigated using cyclic voltammetric (CV), chronoamperometric, chronocoulometric, and electrochemical impedance spectroscopy (EIS) techniques, respectively. CV measurements were 
Results and discussion
Characterization of carbon spheres
The morphology of SCS, HMCS and N-HMCS was characterized by SEM and TEM.
Three prepared carbon materials all exhibited a uniform spherical morphology with a mean size of 270 nm ( (Please insert Figure 1 here)
The surface chemical composition of the three carbon spheres was determined by XPS. As shown in the XPS survey spectra (Fig. S1) , the SCS and HMCS samples possessed only two typical peaks for C1s and O1s, while the N-HMCS exhibited an addition peak for N1s with a content of 4.4%. The whole nitrogen content of N-HMCS was also measured by elementary analysis (6.3%), slightly higher than that measured from XPS. The N1s spectrum can be separated into four signal peaks with the binding energies of 398.26 eV, 399.49 eV, 400.51 eV and 403.55 eV related to pyridinic N, amino or imino N, pyrrolic N, and quaternary N, respectively ( Fig. 2A) . The presence of pyridinic N (28.5%), pyrrolic N (26.7%), and quaternary N (16.9%) species suggests that nitrogen was mainly incorporated into the carbon structure, and because the postprocessing method was adopted to introduce the nitrogen, there existed some amino or imino N (27.9%), in accordance with literature reports [49, 50] .
The graphitic order of the three carbons was detected by Raman spectroscopy (Fig.   2B ). The G band at ~1598 cm , and may have an improvement in the sensitivity.
Electrochemical characterization
The electrochemical properties of the three carbon modified electrodes were investigated by CV and EIS. The typical CV of Fe(CN) 6 3-/4-is a valid tool for evaluating the kinetic barrier of the interface [54] . As shown in the Fig. 3A , the potential between the anodic and cathodic peaks (∆E p ) was 0.45 V for bare SPCE, 0.33 V for SCS/SPCE, 0.22 V for HMCS/SPCE and 0.20 V for N-HMCS/SPCE, respectively. It was also observed that the redox peak currents increased with the decrease of ∆E p . The smaller value of ∆E p and the higher redox peak currents indicate the better electron transfer ability [25, 55] . The order in terms of electron transfer rate for various electrodes follows the following sequence: N-HMCS/SPCE > HMCS/SPCE > SCS/SPCE > bare SPCE.
EIS is an effective technique to determine the electron-transfer resistance at the electrode -electrolyte interface. From the Nyquist plot (Fig. 3B) 6 ] at different scan rates from 10 to 100 mV s -1 was further investigated. As shown in Fig. 3D , ∆E p increased along with the increase of scan rates and ∆I p was found to be linearly proportional to v 1/2 (the inset of Fig. 3D ), which suggests a diffusion-controlled process on the surface of N-HMCS/SPCE.
(Please insert Figure 3 here)
Electrochemical performance of SCS/SPCE, HMCS/SPCE and N-HMCS/SPCE towards superoxide anion detection
The electrochemical properties of modified electrodes towards the detection of O 2
•− were evaluated by the CV measurements. Table 1 . It suggests that N-HMCS based sensors without any enzyme or metallic nanomaterials still show superior sensitivity to other sensors.
(Please insert Table 1 here)
In addition, the selectivity, repeatability and stability of the N-HMCS/SPCE were 
